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of senescence factors to specific 
subpopulations. Accumulation of 
autonomously replicating sequence 
(ARS) plasmids, which frequently 
emerge from recombination within the 
highly repetitive ribosomal DNA locus, 
is linked to limited replicative life span 
of Saccharomyces cerevisiae cells []. 
During budding yeast cell division,  
ARS plasmids are retained in the 
ageing mother cell, such that only   
out of 0 plasmids enters the 
rejuvenated bud [2]. Binding of 
ARS plasmids to nuclear structures 
retained in the mother cell was 
speculated to explain asymmetric 
plasmid segregation [2]. Association 
with nuclear pore complexes (NPCs) 
was proposed to underlie retention 
of ARS plasmids in the mother cell 
[3]. However, the role of NPCs in 
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Asymmetric cell division in unicellular 
organisms enables sequestration 
segregation of ARS plasmids is 
unclear, as NPCs are partitioned 
between mother and bud nuclei 
during mitosis [4,5]. Here we analyzed 
how segregation of ARS plasmids is 
influenced by their interaction with 
NPCs. We found that artificial tethering 
to NPCs promotes transport of ARS 
plasmids into the bud. Moreover, 
our experiments provide support for 
the notion that interaction with ARS 
plasmids does not affect movement 
of NPCs into the bud. We conclude 
that binding to NPCs cannot by itself 
contribute to asymmetric segregation 
of ARS plasmids.
It is unclear whether ARS plasmids 
interact with NPCs during mitosis [3,6]. 
To test the role of NPCs in segregation 
of ARS plasmids, we investigated the 
behavior of acentric ARS plasmids 
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Figure . Tethering to NPCs promotes segregation of ARS plasmids into the bud.
(A) Schematic representation of the NPC and approximate positions of nucleoporins tagged with TetR. A more detailed view is provided in 
Figure SA. (B) Schematic representation of the plasmid stability assay. Strains expressing TetR fusions and containing ARS plasmids with or 
without tetO repeats were grown for 2 h without selection for the plasmids (population doubling time is ~90 min) and spread on agar plates. 
The percentage of cells containing plasmids (plasmid stability) was then determined by comparing the number of colonies formed on plates 
with rich or selective media, as described [7]. (C) Plasmid stabilization by Mlp–TetR or Nup2–TetR requires NUP60. Strains with the indicated 
TetR fusions were analyzed as described in (B). Each experiment was performed twice (error bars indicate s.d.). (D) Schematic representation 
of the plasmid segregation assay. Strains expressing TetR–GFP in addition to the indicated TetR fusions and containing an ARS-tetO plasmid 
were grown in selective medium. Binding of TetR–GFP to the tetO array allowed plasmid visualization in living cells. Plasmid segregation was 
analyzed by fluorescence microscopy following cell release into rich medium. (E) Localization of ARS-tetO plasmids. Maximum projections of 
images of representative fields of view are shown. TetR–GFP localizes to the nucleus. Note that no ARS-tetO plasmids could be observed in 
wild-type cells due to plasmid instability. Scale bar is 5 μm. (F) Quantification of plasmid distribution in strains with the indicated TetR fusions. 
Number of plasmid copies was counted in still images. Only telophase cells with less than 7 plasmid copies were considered.
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artificially tethered to NPCs. Different 
NPC subunits (nucleoporins), 
covering all structural elements of 
the NPC, were endogenously tagged 
with the tet repressor protein (TetR) 
(Figure A and Figure SA, B in 
Supplemental Information, published 
with this article online). An acentric 
ARS plasmid containing an array 
of tet operator repeats (ARS-tetO), 
but not a control acentric plasmid, 
should be recruited to NPCs by 
accessible nucleoporin–TetR fusion 
proteins (Figure B). Additionally, 
we fused TetR to the kinetochore 
protein Ask. Tethering Ask to 
ARS plasmids allows microtubule-
dependent plasmid segregation, 
thus improving plasmid stability in a 
dividing population [7,8]. Strikingly, 
fusion of TetR to Mlp or Nup2, two 
components of the nuclear basket of 
the NPC, improved the stability of the 
ARS-tetO plasmid to a greater extent 
than Ask–TetR (Figure C and Figure 
SA). Other nucleoporin–TetR fusions 
did not stabilize the ARS-tetO plasmid 
(Figure SC).
Mlp and Nup2 are anchored to 
the nuclear face of the NPC by the 
nucleoporin Nup60 (Figure SA). 
Deletion of NUP60 abolished 
stabilization of the ARS-tetO plasmid 
by Mlp–TetR or Nup2–TetR but not  
Ask–TetR (Figure C). In turn, 
Mlp and Nup2 localize to the 
NPC independently of each other 
(Figure SA). Accordingly, plasmid 
stability in MLP1–TetR and NUP2–TetR 
cells was not affected by deletion 
of NUP2 or MLP1, respectively 
(Figure C). Together these results 
demonstrate that tethering to NPCs 
improves the stability of ARS plasmids 
and suggest that interaction with  
NPCs promotes plasmid segregation 
into the bud.
We used fluorescence microscopy 
to directly assess plasmid 
segregation. The ARS-tetO plasmids 
were visualized with TetR–GFP, 
co-expressed with nucleoporin–
TetR fusions (Figure D). Plasmid 
stabilization by nucleoporin–TetR 
fusions was not abolished by co-
expression of TetR-GFP (Figure SD). 
In agreement with the results of the 
plasmid stability assay, ARS-tetO 
plasmids could be observed in most 
MLP1–TetR, NUP2–TetR and ASK1–
TetR cells but not in wild-type cells 
(Figure E). ARS-tetO plasmids were 
partitioned between mother and bud 
nuclei in 92.0 ± 0.9%, 94. ± 0.4% and 
88.7 ± 7.9% (mean ± s.d.) of  
MLP1–TetR, NUP2–TetR and  
ASK1–TetR cell divisions, respectively. 
Dividing ASK1–TetR cells mostly 
contained two distinguishable 
GFP dots with typical kinetochore 
localization (Figure E, insets), which 
were equally partitioned between 
mother and bud nuclei (Figure F). In 
contrast, MLP1–TetR and NUP2–TetR 
cells contained multiple dots that 
decorated the nuclear periphery 
(Figure E, insets). At the end of 
mitosis, 30±22% and 33±8% of 
all plasmids were found in the bud 
in MLP1–TetR and NUP2–TetR 
strains, as shown by the analysis 
of still images (Figure F) and time-
lapse microscopy (Figure S2, data 
not shown). This is consistent with 
segregation of 38±2% of pre-existing 
NPCs into the bud [4]. Thus, tethering 
to NPCs promotes partitioning of ARS 
plasmids between mother and bud 
nuclei.
Bi-orientation of replicated ARS 
plasmids on the mitotic spindle 
ensures equal plasmid partitioning 
between mother and bud ASK1–TetR 
cells (Figure F) [7]. In contrast, 
segregation of ARS plasmids tethered 
to NPCs was characterized by a broad 
distribution of plasmid fractions found 
in the bud (Figure F). This suggests 
that segregation of NPC-bound 
plasmids into the bud is a stochastic 
process carried out by segregation of 
NPCs into the bud [4,5] at random,  
i.e. independent of their binding to 
ARS-tetO plasmids.
Importantly, our results indicate 
that interaction with NPCs cannot 
by itself contribute to retention of 
ARS plasmids in the mother cell. 
It is formally possible that NPCs 
interacting with non-tethered  
plasmids behave differently from 
free NPCs or NPCs with artificially 
tethered plasmids and can promote 
plasmid retention in the mother 
nucleus [3]. However, in this issue 
of Current Biology Gehlen and 
colleagues [9] provide evidence 
that asymmetric partitioning of 
ARS plasmids does not require 
their binding to asymmetrically 
partitioned nuclear structures. The 
low likelihood of migration of freely 
diffusing plasmids through the narrow 
constriction at the bud neck during 
the short time window of anaphase 
explains plasmid retention in the 
mother cell [9]. Consistent with the 
idea that plasmids are retained in the 
mother cell passively and by default, 
a natural high copy plasmid needs to 
hijack a kinesin motor protein to enter 
the bud [0].
Supplemental Information
Supplemental Information includes two 
figures and experimental procedures and 
can be found with this article online at doi: 
0.06/j.cub.200..034.
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